Met hod and systemfor fitting a hearing aid BACKGROUND
OF THE INVENTION 1. Field of the invention Generally,
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unknown transfer functions for an individual hearing
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particularly to a conputer inplenented nethod and a
conputer systemfor fitting a hearing aid gain by
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related art Hearing aids which are intended to be
placed in or on the ear are known in the art. In WO
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delivering sound into an ear canal of a hearing aid
user and this part provides the ear canal with a vent
or ventilation canal in order to reduce the occurrence
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2. Description of the related art

Hearing aids which are intended to be placed in or on the ear are known in the art.

In WO 03/034784 A1 a digital hearing aid system is described where a part of the
system is intended for delivering sound into an ear canal of a hearing aid user and this
part provides the ear canal with a vent or ventilation canal in order to reduce the
occurrence of the known occlusion effect which is often experienced uncomfortable by

the hearing aid user.

The geometry of individual ear canals of a hearing aid user interacts with the
dimensions of the ventilation canal in determining the acoustic properties and hence

the actual gain of the hearing aid.



geonetry of the user. The fitting of a hearing aid is
normal |y done by an audiologist in a fitting session
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frequency bands of the future hearing aid user is
nmeasured to determ ne the appropriate hearing aid gain
over a frequency range. The frequency dependent
nmeasur enent of the hearing |oss or the so-called
hearing threshold | evel (HTL) may be done by recording
an audi ogram An audi ogramis the graphical
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The necessary gain to be provided by the hearing aid is then calculated based on the
audiogram and further fitting rules. However, a leakage or even a ventilation canal
(vent) present when using the actual hearing aid influencing the sound pressure or
other acoustical properties in the ear and thus the actual gain of the hearing aid are
not taken into account in the calculation of the hearing aid gain. Hence, it may be a
problem in the state of the art of hearing aid fitting routines not to calculate the hearing
aid gain based on the acoustic properties of the individual ear canal of the user with

the actual hearing aid placed in the ear.

Thus, there is a need for improved techniques for fitting a hearing aid taking the
acoustic properties of the hearing aid in the individual ear canal of the hearing

impaired person into account.



This idealised condition is obtained by assum ng t hat
any individual ear with any individual plugs behaves
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simulating the average ear. However, there is no such
thing as an average ear, and even though fitting today
gives a fair estimate on the prescribed gain, severa
di screpancies persist in the real world. It is
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system that fit the hearing aid gain taking the interaction of the geometry of the
individual ear canal of a hearing aid user and the geometry of the hearing aid into

account.

It is further an object of the present invention to correct the measured hearing

threshold, when a so-called in-situ audiogram is recorded.

[t is still a further object of the present invention to calculate the needed gain in the
hearing aid using the corrected hearing threshold taking account of the acoustic

environment.

According to a first aspect of the present invention, there is provided a method for
fitting a hearing aid which comprises the steps of measuring an acoustic property of

an in-situ hearing aid, estimating an equivalent hearing aid configuration, wherein the
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inside the ear, and estinmating possible corrections

needed for optimsing the individual acoustics of the

hearing aid. The nost prom nent and general of the
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correction gain. According to this aspect, the measured measurement of the in-situ
transfer function is the loop gain. The loop gain may be measured by using a
feedback test. The pool predetermined of hearing aid transfer functions is then any
simulated feedback test which replicates the measured in-situ transfer function, vent
effect and direct transmission gain. For example, the different hearing aid

configurations are represented according to this aspect by different vent parameters.

The predetermined loop gain may be based on modelled data, experimental data,
estimates or any combinations thereof. The predetermined loop gains and the
corresponding vent effects and direct transmission gains may be entered into tables

for faster computation.



for faster conputation. According to another aspect of

the present invention, a conputer systemis provided
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hearing aid gain. The conputer systemis normally
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Thus, based on a single measurement of a transfer function of an acoustic system
like a hearing aid comprising the leakage path including a possibly present vent and
a number of assumptions about the acoustic properties of the in-situ hearing aid
system, e.g. receiver type, the dimensions of the sound canal, the ear canal size, the
insertion depth, the middle ear properties, the length of the vent and the distance
between vent opening and the hearing aid microphone, methods and systems
according to the present invention use transmission line theory to select the one of a
number of simulated in-situ hearing aids that is most similar to the actual in-situ
hearing aid system worn by the user. Based on the estimation of the best fit acoustic
model of the in-situ hearing aid by modelling a performed measurement with
transmission line theory, in which one or more parameter is varied to give the best fit

between measurement and simulation, the entire best fit acoustic system is known,



according to the present invention use transm ssion
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actual in-situ hearing aid systemworn by the user.
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i nvention, a conputer systemis provided which is
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portions for measuring loop gain of the hearing aid in the ear canal of the hearing aid
user, for estimating an effective vent parameter for the hearing aid by determining a
vent parameter that generates the best fit between a modelled and the measured loop
gain, for determining a vent effect value based on the estimated effective vent
parameter, and for providing a corrected hearing aid gain by means of the determined
vent effect. This fitting routine is also carried out at least for one relevant frequency

band.

According to a further aspect of the present invention, the vent parameter is sufficiently
defined by the vent diameter, but could, according to further aspects, be represented
by vent length, vent inductance, vent volume or other mathematical combinations of

the vent geometry or leak.
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nmeasured | oop gain, for determ ning a vent effect

val ue based on the estimated effective vent paraneter,

and for providing a corrected hearing aid gain by
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geometry is reflected in the measured transfer function, such as the feedback test, and

thus in the effective vent parameter.

The uncontrolled leakage between plug and canal is very difficult to determine in the
clinic. Another advantage of the present invention is that in optimising the simulated
vent parameter, any leakage, which acoustically behaves much the same way as a
vent, will be contained in the effective parameter. For example, in the presence of a
leakage, the effective vent would be shorter or wider. This means that the present
invention takes the uncontrolled leakage into account when fitting the hearing aid to

the user.

Considering the vent effect and the direct sound transmission, parameters such as the

vent diameter, the vent length, the insertion depth in the ear canal and the ear canal
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present invention allows for a more accurate fitting for most of the hearing aid users
and, therefore, the present invention may elegantly contribute to a better hearing of a

wide range of hearing impaired persons.

According to yet another aspect of the present invention, the method further
comprises the step of calculating the modelled transfer function by defining the in-situ

hearing aid as an acoustic system comprising a plurality of acoustic elements.

According to a particular embodiment of this aspect, the method comprises the step
of simulating the modelled loop gain by modelling an acoustic system defining the
hearing aid in an ear canal by describing elements of the acoustic system by
frequency dependent transmission matrices, multiplying the transmission matrices to

a single transmission matrix defining the acoustic system, and calculating at least



Application of a vent correction to the fitting is
justified by the fact, that only a few percent of the
woeaenet7ear pl ugs or shells have no vent. |n OPEIEEP2005/055305

wor ds, since the vast majority of the ordered earpl ugs
or shells conprise a vent (also called venting), the
present invention allows for a nore accurate fitting
for nost of the hearing aid users and, therefore, the

one tPARFEMUNEIDIER tRE aBBYstR) S8 By GHRG N YingId ParsBREICH matrix.
heari ng of a wi de range of hearing inpaired persons.

The ageuntigi supted ey cotopthe ampbtute eprreslomfibeferfligital to analogue

' i on, . f i f _—
conveEMACT e T aEial SPERAFRBE sRERabar 53t i veptiation
canal fent)nastitradzeanifrign ahe vast aRit &6 auis¢arihgsyisit mivrophone and their

conprising a plurality of acoustic el enents. According
respqcdivg asqHeiCRIICREME$hodi ment of this aspect, the method

conprises the step of simulating the nodelled | oop

gain by nodelling an acoustic system defining the
Accol'tﬁag it furdhied dspeats, eaathodsiahd lsystbescoi thengreserimarestiaf comprise

t he acoustic system by freque e de , :
the SORRALASSUHO Tl PRELS e HePCNBIPI6GOkh B Vel BATH) o6 ths hearing aid
user. T&UChCES nicdisBrethEt ndy ASHoMR! Y F@ddrdm?dﬂfé Mg te different

acoustic system and calculating at |eastone transfer _
frequiooiesi ea & ofreqiiencyc dependerly Searndylogsi rayorthe V¥hery| e hearing

ransm ssion matrix The 0 [ t . C ri
s RS o8 BT i B i SR F) YEGUsRPs eor, e
audicanekt 8o CBMEa anheaitungLdgrareariingitu o diieamasitu fitting may
ear canal, ear drum ventilation canal _(‘\/ent%!.j and
haver anliaslvroieger asnthadie@eng aidiis it ingdenagplistly asepstic conditions and

thereﬁrg@g?% %eg(g\g#j lﬁ)ﬁ(?ﬁl’er of ﬁé@e@ EN@&?@S%@ Wil HoPREE ﬁﬁr%%ion in daily

_ er ~aspect s s and systeéms o
use. Higvaveeseinte iamsceittid imsitwrpdicgeamhdoest ppt kenols accognt the vent

| .

bl e R B SEE bEnTED Gyt oo

in-sitpe&%igg#]@% tn@@dg'gbsbé Qbridbidder nthel Ve USTG €Fh@s, according to an
requenc n e

y dependent hearing | oss record Wen th _
aspebeaf fhegorebersinsentidreveethods endi systemy ane asenided (@t gprrecting the

. .the hearing aid in the user's ear, the (,oQr L

in-sity| S BAPRRo! P SN PCIaN Borh PYR TSk Y o HEBF Ty @ wansfer
functiche of Ans i ddéukiit tdyBErBNcluding the leakage path, determining a best fit
effective vent parameter by simulating the transfer function for different vent
parameters, calculating the correction gain with the effective vent parameter, and

correcting the in-situ audiogram with the correction gain.

According to another aspect, the corrected hearing aid gain for a user’s hearing aid is
calculated by deriving a hearing aid gain from the measured hearing threshold level of
the user and then correcting the hearing aid gain by adding the vent effect value which
will then give a gain when the hearing aid is placed in the ear which takes the vent
effect according to the estimated effective vent diameter into account. Normally the
vent effect value is a negative gain amount since the vent dampens the sound signal

transmitted from the outlet of the receiver back to the inlet of the microphone.



have an advantage as the hearing aid is fit under
realistic acoustic conditions and therefore gives a
w@oad/ogizet ure of how the hearing aid will probedt/gP2005/055305
function in daily use However, since also the in-situ
audi ogram does not take into account the vent effect
based on e g the effective vent paraneter such as the
vent dianeter, also the in-situ audi ogram needs to be
Accofding @@Taﬂdtﬁe@rasbbet veihodf 8¢ byStBHR af@hgitdghd Bre%!ent invention
aspect of the present invention, nmethods and systens
furtheyy eC%FWQJIeHWef ofeteBrination ngf t Re frafusincyi slggrogentm direct sound

e

ransASSEh SBshl LB iochll SBFL PR P BRI A Bygon o
correcemkizepinupaid gaite bg nmaamis g this kiesdrnfinéd dfréetcddune tvrdimission.

paraneter by sinmulating the transfer function for

di fferent vent paraneters, calculating the correction
Acco&ﬂh@ t&"'a‘iw%tﬁé?%sgf Lest the mﬁ)t‘é‘%@ﬁ%ﬂ%ﬁﬁ@ﬁ Hered8ProRHES H Mithod and

e in-situ audi ogram e correction galn

systeA toresitingting the destfit apetic maded of dre ivesitohderang aig ki Modelling

o peBBRER! Rl e A, o, TP HRERP D S e e

param@xelis Qhriéd e gﬁéfthéﬁésﬂfh%'ét\ﬁ@érﬁ ﬁféasuaerhem mgmnga@rd By doing
gain by adding the vent effect value which wi! the

so, tfge eatie gasthfitvieaustinesyrtem iis gnawe, tlyJSpa%meaguthetcwéCLéetron of any
ffect according to the estimated
trans)é%}ff@lgeto@éﬁé@%ﬁ%g}ﬁ% Ggr into account Normally the vent
effect value is a negative gain anmount since the vent

danmpens the sound si lg[nal transmtted fromthe outl et
The lﬂ‘VePH@”:r asePrdltg taduthey eRReGiAl PFoddes i computer program and a

compﬂ}t&r% Pélﬁ t6Q 'a'%grerzl%]df"ﬂoélglﬁ{s $§BRGDo, Met hods and

ySt'e ording to't resent 1 nvention further
conprlse the detern1nat|on of a frequency dependent
i rect soun ggsn155|on ba on the.es

mated . :
The (GYEREAN. Vo VL ALORA AhBEe P %Sh%smvm §gHigq egiearing aid and a

hearif§aid 88 PekifeAhidiin] 24 4@ paby means of this deter i ned
direct sound transm ssion According to anot her aspect

of the present invention there is provided a method

e B o7 SRS Py hPaPe BEfbed P PERYE RBREbot coms

nmeasurenent with transmi ssion line theory, in which

one or nore . ) _
Other aspects and advantages of the present invention will become more apparent
from the following detailed description taken in conjunction with the accompanying

drawings which illustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be readily undersiood by the following detailed description in

conjunction with the accompanying drawings, wherein like reference numerals

designate like structural elements, and in which:

10



paraneter is varied to give the best fit between
nmeasur enent and sinulation By doing so, the entire
whemt /083201 acousti ¢ systemis known, thus all ow@mEP1ve5/055305
cal cul ation of any transfer function in the hearing
aid The invention, according to further aspects,
provi des a conputer program and a conputer program
: [ A [

Fig. 1 e O H6h B0 of S nidinGu Mcrehdo 363 A%t EARAHRR ol present
hiegentiom. ai d and a hearl ng aid as recited in clains 2 1
and 22 Further specific variations of the invention
are defined by the further dependent clainms O her

{ ' ;

0. 2 D B e & e G b0 {8 APy bodiment of
dbeqrepritdnmvardlioan i n conjunction with the acconpanyi ng
drawi ngs which illustrate, by way of exanple, the
principles of the invention BRI EF DESCRI PTI ON OF THE

Fig. 3 RRAWOWCSiabfemi dTve itdtRBd Vbt hd&llf@ﬂ'tiahsvéldf@héﬁm@cbdrdmg to an
the follow ng detailed description in conjunction with
efebogimenpeiyrrjeseriinMestiormher ei n |ike reference
nuneral s designate |ike structural elenments, and in
whichFig. 1 is a flow diagram of a nethod accor di ng to

Figs. 4m,fdb; ahd eleb diistrats trahstelnéumxrtmerthai mwtbé@mme‘éisgreoeah(s

a schematic bl ock di of a s m accordi n
SRR i cRand Y BRI eRINOn (o Bres T METyloRs | s

a flow diagramof a nethod for nodelling a transfer
function according to an enbodi nent of the present _
Figs. SavEmandric FndjSa, Sk, aath cashbwidlomt Hiagraras eftmatiwideraccording to

functions that have, been ms sure cal cul at in .
SR BRBat RenS b ReE PVt rid et 54y B i, 5o explain
@t%b %er ﬁbmﬁﬂh@ inCsiRNduéivgrfh la%@rr@@téi:hwmﬁé Nt effect Figures
di a nmet hods according to further enbodi nen
%ﬁearm 8e enplaimstent by sleprheutbe hearingpid gairsie corrected for the

%P\k gﬁQct and the direct sound.

Figs. 7a and 7b show a flow diagram of a method according to an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

Further terms used in connection with the explanation of the present invention will now
be defined:

The leakage path is defined as the complete acoustic path from the plane of the sound
canal exit to the outside of the ear (or in reverse). The leakage path consists of a
controlled leak (e.g. the vent) and an uncontrolled leak between the ear canal and the

plug.

11
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step by step how the in-situ audiogramis corrected
for the vent effect. Figures 6a, 6b and 6c explain
wGeb@p/olsz7st ep how the hearing aid gain i s correCt/EeR®055305
the vent effect and the direct sound. Figs. 7a and 7b
show a fl ow di agram of a nmethod according to an
enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Further terns used in
The §é61&¢|§té}@,fbrw !E dfiR8d aPtHN 88 @D oPfacblstiP ERS®INHts along which the
invention wll now be defined: The | eakage path is
soundiettamatdoa%gatheal@@rmmleh eisatypigadly cingiated fvom sheng| gererator and

it o the outside of the ear (or
conolﬁﬁe@@&ear%é%dd Wgaé@ﬁgﬁgg ath consists of a controlled
Ieak (e.g. the vent) and an uncontroll ed | eak between
ear canal and_the plug. The acoustic system IS

An ae@\ﬂ$tweeleé§erﬂth@ defitask a1 biRElsudss clemenisn i ichie rcoustic
propélrﬂlg? %g%‘rfge @Ehd P @de% %&d“lﬁ'e rd’:{térst %Bbga# ﬁwe receiver, sound

by a so generato cohclu
medistomnduch agi tabas, e MMronAa:almimnsthecea&Icmmentlumed impedances

defi ned s bl ock se . elenments within ich t
such %% TB0gle0 S8 s BT TRaRENa SncFadbSSagAY S described

math&PREEAN B ﬁEQQq@%nE?@eﬁgﬁ@érﬁ%‘amﬁﬁ’éﬁ’% ARt ors such

as tubes,” the ventil i on canal or the ear canal,
Iurrped |rrpedances such as the middle ear and radiation
¢ _Each eI s ,descri thematic

TrangsBSR8 5% heoRn ) oSl balcalr §RL oL Sea g T, Stk Yacoustic

syste'rF’( BV‘%@Sb@Sdl@éleInhéiﬂstl@@ Yylindridan@bBesrethe Gateivdy With transmission
describ ng_an entire acoustic s&)st em by acoustic
1

line @ue@rwentfp ansfeg B4ndtipar iredl ongbiocsionhle easkiarels wrtawlated by
mu|t.6|g|ﬂ85tﬂ‘esrt§ér$§h%éﬁﬁ r‘n?ﬁ%é‘ 360 ol ?&%@E@é{m{wgpé {sg:g}rce to the

| ocati on 0O ano is calcu

sensdmmﬁlm@pem@&l loanokés InteacadbwrtgThe rasultisg itatapdhsrhiseion matrix,
he source to the sensor, taking possible branches

which] ytgRBGRhbY oI CUIUATG oL B LB EPURHSELTBAC Gt gar drum or

a radiation impedance), then describes the entire acoustic system.

The transfer function is defined as the ratio between the frequency spectrum of the
input to the acoustic system and the measured output signal at a given place in the
acoustic system. The input and output signals can either be electrical, mechanical or
acoustical. The transfer function is calculated from the total transmission matrix and
the terminating impedance. There may be an unlimited number of different transfer

functions in an acoustic system.

The effective vent parameter is represented by any parameter that may be used for
describing any controlled and/or uncontrolled leakage. The effective vent parameter
may thus be defined by one dimension of a vent of arbitrary geometry, e.g. the vent
diameter for a cylindrical vent, vent height or width for a rectangular vent, vent length
or combinations of the dimensions such as vent volume or vent inductance, etc. This

parameter is determined so that it provides approximately the same acoustic

12



which is termnated by the |ast inpedance in the
acoustic system (e g the ear drumor a radiation
WO ppedance), then describes the entire acoustiBCHYB1085055305
The transfer function is defined as the ratio between
the frequency spectrumof the input to the acoustic
system and t he neasured out put signal at a given place
in the acoustic system The input and out put signals
propeﬂias ea'sttheljoibed ébrees of tel actoaiclentilatioh canabobiret hezalingTaie and the
nsf er nction is lculated fromthe total .
leakadeiEeenithh Srncrra WAl ATLEEaw Hat e hhgKAaAick
There may be an unlimted nunber of different transfer

functions in an acoustic system The effective vent
It is paraﬁven@rgeu o ue@rtieee'ﬁnédla@yetanyasﬁaemﬁ e:taramaterrramcsett has the

similg3 ey e G ity AN o P B KL R 8hnsertion

deptidahtl tesl rddiden @adicarasionimetand iy efdst aftu mvelgyurs@ﬁy
geonetry, e g the vent dianmeter for a cylindrical

vent, vent height or width for a rectangul ar vent,

The V&ﬂtefﬂ\egrgttﬂef?%eﬁﬂ alggﬁd% {ﬂ?nc? retslgﬁredﬁi{:tﬁ@%aﬁ’%?uﬁ%gt i@?enerated

ent me or ve anc aramet
by thket@aringedids cedeiadr ahd pr eeiatbess eap pramel rrataehw tohéhes e with the

acousti cpropertl es.as the j.oi ned fo es of _t he
respPQREE; $2lt PR WERA gbent YRt H%amﬁ 41 e RS V&&ﬁ%@ct may be
smuEAS d"?@éblﬁr{bGIne%rg C%W@bleﬂ% SndRfldsher %@Ftﬁlnu;goé%fiblef\}%nt diameters.

ari ng aitd. I'S an ntage to use the vent
The derareffeet rracy ttehexwreaseqbas argatirevalusifoceach freggendye and may further

be oo Taied €Y Ao TRt P enb e obBe i ech oo 8017

resi dual ear canal volune and is nost intuitively
~ used. The vent effect is then defined as the sound
Diregisesnd t@nsmissien éraay e definecdiasitee gered Rrespury af e ear drum that

is gep%%tﬁ%%ggqndﬁ%cﬁﬁs? cSour esgefg d%etﬂl eéjar“?@[atﬁ@'?gl §cﬁjrf?f ;i)/r‘égsure at the

|ve ear

exteN@Nerfli cpRRirey géﬁélralt@ﬂgyhhe Hame/eﬁmrcef Ll betvah\m/ obehe values of the
simul ated resulting %qi a tabl e of l8aln val

direct oupdr ransmissid b @'%rﬁa” A riEanstgsipBng a5t f/gé? the direct
transW§S|Bﬁ)9%;?Pﬁl%ﬁ ﬁﬁllé} S@yr}n?{@él?‘ﬁg frey a&ﬁ%ﬁcfsﬂlmr\ﬁ)the following,

e ca cuI at ed any nunber of
if thef ueemmmzytr’aaadssaﬁm gaseisi usedhit rdfees iontheatransfer function with which

the hearing aid gain is corrected.

The loop gain represents an in-situ measurement of sound transmitted through an
acoustic system comprising the leakage path. The loop gain may be measured by a
so-called feedback test, which is normally routinely performed during the fitting routine
for estimating the maximum hearing aid gain. The method according to the present
invention will therefore advantageously not require any additional manoeuvres or
measurements and thus allow to elegantly estimating an effective vent parameter for
use in the fitting routine provided by methods and systems according to the present

invention.
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Direct sound transm ssion nmay be defined as the sound

pressure at the ear drumthat is generated by an
W@e@astic1 sour ce outside the ear relative to apGDEPI0S/055305

pressure at the exterior vent opening generated by the

same source. The value or the values of the direct

sound transm ssion is also called direct transm ssion

gain. Also the direct transnission gain nmay be

Heasngnaichpadntstersoglel paraghetére dsfioita] hoy Soat&f the Hé%ﬁlng aid as the
foll ow n if the termdirect transm ssion gain is

hearugeald gaip ether Rumbet AerequanaY handsn MRItHA] @w@mu%ﬂltmeem The
I o
eanl18 808 91 AN R poRae 008 Selosion i
t hrough an acoustic system conpri Si ng t he Ieakage
so-cal |

ath. The |.qo a e sur ed
Phy PRI inatio oA aHon HetBR R NS G0 146 ahs 2581 AReping to the
ear, ﬂﬂﬂldcﬂﬂg ?é‘t%l\fértt%é‘gubﬂﬂt baecdrdl, &stdiR, veat & aE%IFTé’smalectromc

hearing aid gain. The nethod according to the present
confighvasion cafrthwhlearmgm @rcbfeetweadmaluda@emgmlaydei@tcqmqr:terss filters etc.

any additional manoeuvres or neasurenents and thus

allow to elegantly estimating an effective vent

The B&HRBESUstCAropey bR tlahefdriflihétitg &RUSIsH IsREXI didithebyroperties of
met hods and systens according to the present

an individwali kearingadid nhish @re athenmise gnknevpandnehieh are used for fitting
purpgg%é %'r !?gr g@]ﬁsfl RS geﬁwgtfg? aﬂ aJthQrghéigﬂnga%oI f?a%tlﬂgaréxg%ples for

nber or °freq ban
the @Gmrwct;bropefty|dretran£é|0fuﬁmeoﬁ@t’eumeslormygmnn”pr iasg other feedback
f eedback cancelling, noise reduction, conpression, etc
meapiPE QY m@ Bring aid configuration defines di mensi ons
of the acoustic coupling to the ear, including
recei ver type, tubing, ear canal, ear drum vent etc
The aguiveldnt &eaehgatid cnntiguretién dguthet Canfiguiraticrewhisér gings &hel best fit

feature ncl dn i gme-del ta converter filt .
vetvsER ¥ Tael ot Shtis e e 1 ETRY SEREH Qv bl By acoustc
prop aFfRsal so used to defl ne properties of an individual

hearl ng aid which are ot herwi se unknown and which are
used for fitting purposes or for adjusting the setting

o or gl BEeP b Bl PR il S i BESTPLTR by v oot
emb@ainfent® andilatd ey a hegtddadk which the measurement of an arbitrary user
worn in-situ hearing aid is performed and compared to a pool of predetermined trials
of hearing aid transfer functions. The predetermined pool contains a number of sets
of predetermined transfer functions for several materialisations of possible physical
hearing aid configurations. One of these various predetermined transfer functions is
similar to the measured in-situ hearing aid transfer function. An error between the
measured in-situ hearing aid transfer function and each of the corresponding
predetermined transfer functions is calculated, and the least error defines the best fit.
This best fit represents a certain physical hearing aid configuration, for which any
other transfer function may be determined. In doing so, any transfer function in the in-

situ hearing aid may be estimated from measurement of only one transfer function.
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measurenent result The equival ent hearing aid

configuration is the configuration which gives the
whemt/ois2v1 bet ween a nunber of acoustic propert PEFEPIVWS/055305

the respective neasured acoustic properties A broad

aspect of the present invention will now be described

referring to specific enbodinents and relates to a

nmet hod in which the neasurenent of an arbitrary user
Thewoeasunensrtuothtrer imgitwittinsfer fenttomedulth bec exgrapkfitd oy any

|_of pred ined trials of hearing ai f
protR, REEr a5 oo TR 5 QB 0 rlBHaBUe € FATe 15 Wariberoasblug of

alongahé tMing! iAdBE dealing did SARIKE VLIRS Ui et AW Fhna. The
mat eri al 1 sati ons of ~“possi bl e physical hearing aid

probgo RENSAIT BtAYoASNEN¢ilRtieeseUNgar catbehr aadtaouid hedpart of the

‘ ; Ci .‘ L M din-s/

et AR a ATl S i o Elerhfbr b UIE BRI Tl ey be

the Ihefiry ed rieteiviet, Larherterit] saudd tsoanss er tHeunsité of it dearing aid
each of the correspondi ng predeterm ned transfer

user; Grcxagleicouldhbe thedflesdbaginigst pkthedaringraidr  def i nes

the best fit This best fit represents a certain
physi cal hearing aid configuration, for which any
The opbelr of r presibernfinexttirials whyhderindetadd niranesfed fudctiong sway be

1y transfer function in the insitu hearing_aid may be .
estaBlifhash iR ah BIRATOLRTIF BireRRIBr I3 S BN oA nd g AmPottant thing
is tid#@%!e@%?h@aﬁéﬁ%rﬁ%ﬂé iQfdétgﬁ%ihadsﬂo? wdchapRf$Eal hearing aid

unction cou be exenplified by any probe sensor
confrgemstion, my putediferandlyi agchldranbter dancteumisl detiensingd fonea set of

ear.pl ug. or .along the tuhing, .i.n the hearjng.aid or.in.,
physieieatnfiaid B fauafiaht gt ks Fatidl RSN st Hbticate
the FRIBSAferfiBt SFMSE iVl atdr@fer RIABHGH OEXANPRSs, oRMite ¢&oall Wansfer
be part of the hearing aid or an external device. The

funciemenay onciuge thee fersthack dgst denditirg Wi the measyrrg transfer
uncfhl GESERYEhep A1 bR SR Qi KL

test of the hearing aid. The pool of predeterm ned
trials of hearing aid trangfer functions, nma

AcCISingbiol 3 Radtiaa I RO b HishP e detam ey é@%?‘% established
throS§HTH LR RentENthié BBAKIE AcddthpiBhed, e.g. by taking a person with
an ‘average’ ear, insert a number of plugs with different properties and making
measurements that replicates the in-situ measurement for each plug.

Simultaneously, other relevant transfer functions are measured for each plug.

According to another embodiment, if the predetermined trials are established
through estimates, this could be accomplished by using tables from the literature,

using empirical experience or other for guessing on the relevant transfer functions.

According to still another embodiment, if the predetermined trials are established
through simulations, this could be accomplished by using e.g. transmission line
theory to model every part of the acoustic system as closely as possible, and
vary a certain representative parameter, such as the vent diameter. In this way,

any transfer function can in principle be calculated.
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Is that a set of transfer functions is determ ned for
each physical hearing aid configuration, or put
waledo7esnt | y, each transfer function is deter mPeEEP{005/055305
a set of physical hearing aid configurations. One of
these transfer functions nust replicate the
nmeasurenent of the in-situ transfer function. Exanples
of the trial transfer function may include the
feedback test, for fitting with the nmeasured transfer
The phySichl ﬁ@anﬁ@%‘d{ &nfiglifAin is BetefiRd b&rﬁ&%nﬂﬁﬁér%?ons of the
gain, the occlusion“effect etc. According to a
acousparqomlnmsarto émmrntmtqdmg receiverr et dubinge@at caabk earedrum,

vent e %Ea Ffeﬁ‘f(ga &g‘ggtggﬁ%itﬁ ﬁ@'@ Qteégpé%ﬁ \Xﬁ%ﬂﬁl’ qgcludlng sigma-

delta cAWRHRES filtleR etcl nsert a nunber of plugs with different
: properties and nmaki ng neasurenents that replicates the
i n-situ measurenent for each plug. Sinultaneously,
d ng ot r : .
win BiiEhed B AT SIS HABHIASY, oA o wil now
be deryCﬁﬂedi eFﬁgme‘tbtancﬂI?:'b a&xplahst led | arhesbtinhated gtransfer function or

estimates, this be acc lished b tabl e
acoust PPHD 13 C8FNEd R AT RQUBRI REAT MGxel pafiulraor.n step
810 a ta'&%ﬁsﬁé’fraﬂéf@?ﬁlr‘&oﬁ rbftéﬁqnfsf?ﬂu%ﬁ'lgtélé@f\%ash%@t'lfﬂlﬁécoustlc

cording to stli anot her enbodi nent, if
transfer Reetien is, fecexahples aaneaswedfeedback tast aagliustrated in diagram

|rrul ti this,cou be a |she
815. Kl G S BRER SRS oRE s TRIREATLESorh 45 e MepFghmeter a
respeéwél%éétclssﬁﬁérﬁ@irﬁ@la‘%é@ﬁﬁ' NePS8ROS Pidgram B25 abwsaby way of
certain representative (gar aneter, such as the vent

examplieathetresult phsueh simakatedifgedoaskdests. 1 hadiaasingcaid qq'i'flguratlon
1Nei L cul

o P4 SRR SR WY B YiBheO Pty fnctr

define’C hes elgaivaian| heringo aidn e:oaaguratlonl i diggrese 8251 as$ yqumiivalent

hearing A QFRETaS T OeL e VAR YR T ME Bk i, St o0, from
the eéb@lg%ﬁi\?aﬁégar@%n ﬁftc%hﬁ%u%itlbhefh% @EﬁmaW& lranRfar RIMeBohOis then

an e present invention
detenwméd ﬂnvtzhbepréeemr ehanpldsiths. d@tarmmedmales{pr dumctippwisathe vent

qeéran IESFarLuggé. A Rirther illustrated in diagram 845, it is

possible by the present invention to derive any further estimated transfer function

effect as |

such as the direct sound transmission from the equivalent hearing aid configuration
and, therefore, to determine any transfer function or acoustic property of the hearing

aid which would otherwise be unknown (step 840).

The aspect of the present invention relating to improved approaches to the fitting of a

hearing aid gain by use of an estimated vent parameter will now be described referring

to specific embodiments.

There is provided a method and system for assessing unmeasured otherwise

unknown acoustic transfer functions in the hearing aid, e.g. yielding information about

the eardrum sound pressure and the acoustic consequences of a vent, the amount of
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acoustic property is derived from an equival ent
hearing aid configuration. In step 810 an acoustic
wo cansi®rl f unction of an in-situ hearing aid i BCT/EP2005/055305
nmeasured. The acoustic transfer function is, for
exanpl e, a nmeasured feedback test as illustrated in
di agram 815. For each of N different hearing aid
configurations such as the vent dianmeter a respective
directlyeandriittelesbupidriat@igecthiervesit egr 1820iskbfdgedbad S hehoethods and
exanpl e the result of such s

by way o . : |t of ) simulated .
systefisedpsrsetd cesh prHECHRGPPRIFaRISI U NG GRapell igarigeald with a
o . g . _
st A 8 5 4 0 e R P T H8 Sroperics
hearing aid configuration. In diagram 825, as
InforrGa4Rn @bafict Shote YSGTRHE PAATELGpo 69 /SRS PHE M be obtained
througﬂ%¥%€r@¥né?ﬁ§.rdfn9_t?ér%f&oﬂfﬂcﬂéﬁ ghi R ddwrisastdyeedradinciuding the

rans unction is then determned. In the present .
leakage aapth &5 igs ., dibt archin eblows gramplestefiralqubrier dranstenfangtions.
effect as illustrated in diagram835. As further
illustrated in diagram 845, it is possible by the

In oRARFRNInfoRVENSH Abdue &legdrumetdty of ur tduerespondingt gelometry of the
transfer function such as the direct

: | ound )
leakageapii ke 6RSEMBHORS &r eRaRTHIPEIANt Ok thAPaIpReter and/or acoustic

prop{rﬁ%%ig?gr{ea)t/%rﬁ@sagﬁs £O% ﬁgiﬂ{;ﬁlge tg‘fig%g%t@(gﬁti‘&esﬁ%. These parts are

_ _ 1'On or acous of t’he heari ng
simulated WtwQif’!od@ﬁllddja@cbdwbmysearb,ewbatmemh (csirein $403couRtie system is
aspect of the present ipvention.relating, to,inproyved .
descripst UL 3CPeSRnBemant] N GO feBHingo and’ Ui AMG\P g rcoustic
systef] RLCRBES RECHhaRed HcBIBIE sybtdm fop sascahBeso that the
referring to specific enbodi nents. There is provided a
simulatdchivan sfadfsytioe mofrespersisetosha gneasvisad tieagfes fgtipns t least one

unknown acoustic .transfer_functjons I.n.th j .
ool % 51 B T e U 5 B 8RRy e e
best Bt HEIWEEN AW utdIEd aFRU Fidagur@N8at envitasthef optimey fittelesimulated

amount ofdirectly transmtted sound through the vent

acoustic shster, sanyofrandfed fargtionTwishineha ot uigiad Srovstic system may be

scribhed are in (A r j for fitting an
calcq?%gzéiapg |Wg2§rﬁﬁategﬁ§ﬂ5\% ﬁlﬁlng r%ﬁ@féoer)n'c@@%ﬁd canal -, vent-

and ear canal geonetry including mddle ear
. PropertieS- : " : - : o

Fig. 1 shows a flow diagram 100 of a fitting routine for fitting the gain of a hearing aid
for a hearing aid user according to a first embodiment of the invention. The fitting
routine is preferably a computer implemented method carried out, for example, under
control or supervision of an audiologist during a fitting session when fitting and
adjusting the hearing aid to the degree of hearing loss and further requirements of the

user.

In a first step 110, a transfer function of an in-situ hearing aid including a leakage path
is measured to determine the hearing aid including its leakage path by its acoustic
properties as an acoustic system. According to another embodiment, this is
implemented by measuring the maximum possible loop gain for the concrete hearing

aid placed in the ear canal of the user. The measurement of the loop gain may be
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Informati on about a specific geonetric paraneter of
the | eakage path can be obtai ned through nmeasurenents
w@booaotnansf er function in an acoustic system POLERIOFES305

t he | eakage path. Figs. 4a, 4b and 4c shows exanpl es

of cal culated transfer functions. In obtaining

i nformati on about a paraneter of a correspondi ng

geonetry of the | eakage path |ies assunptions or
donarbgstarsienbet afsotdeiepanaasirer fasdback &ebistetermine the maximum

. properties of the variou arts .c rising the entire
gainRBRdH Q??%rysf?@ﬁ@a%%%%%ﬁ%sc i GERUPAPRd | n a

nodel | ed acoustic system where each part in the

acoustic systemis described by an acoustic el enent.
ThefMhen raftbetivé yebtipbtarseter Hat thehbegiingilaid égl eatimatad i step 120 by

oo FHETHER 5B B, TR P L R e

providls s RS fitObbiaieas Wefblibl agsd ethel HRelsUY tAinsfer function.
| east one paraneter (e. vent dianeter) is free and

Accarsing tesanptheresiadineplathenefiective vonteparamaiehissan mffective vent

. t Si I, : d . Wi
e S B P R AL Pl A gonerates e bos
fit bém@égfaébrelfdeﬁiﬁrﬂ\iﬁ%\d Win‘gl‘thé Té&wéﬂgﬂ)@i gdinaoastodelpsibemgain is
may be cal cul ated and i enent inthe fitt]
deterpirtachey simetg 2 de! of TanReUSIG PP Wl et values for an
assérhé& 'v'%ﬂt HRheRe | fré&étét‘?ﬁnféaeor%bﬂelﬁid RobegdihN&l@dare then
or a hearing aid user according to a first enbodi nent
comphrad@ith rive measured heopf gaini togdeteutinaea ventpdiefratelbtgrresponding

TP B e
resp%ecg\'r/e} ﬁsa%%ﬁ&wm&me tlﬁér‘e\‘c%r@%s@iﬁibté@iaﬁ&hé REetiig vent diameter.

ng aid’to the degree of hearing |oss and further
The reeqestineatedteffestive henudiemetenthasfipkes net epfy 1he pogsible ventilation

transfer functi f.an_in-si ' s Y i ;
card FLkheb e WP BoE Bl FASIgBERGE 18 Bhle] AU Broperes
resulir frofl Wl Actublt SitUgivkagenpaiah dayal b thac osst with inserted hearing
~ properties as an acoustic system According to another
aid isibackavt , this is inplemented by measuring the

maxi mum possi bl e 1 oop gain for the concrete hearing

Based on the effective vent parameter a correction gain is calculated in step 130.
According to the embodiment using the estimated effective vent diameter, a vent
effect is calculated as the correction gain. The vent effect is a (negative) gain amount
defining the damping from the outlet of the receiver of the hearing aid back to the

inlet of the microphone based on the estimated effective vent diameter or geometry.

In a next step 140, the hearing aid is corrected with the correction gain. The so
corrected hearing aid gain may then be used to fit the hearing aid taking the acoustic
properties of both the hearing aid and the geometry of the individual ear canal of the
hearing aid user into account. According to the embodiment determining the vent
effect, the hearing aid gain is corrected by means of the determined vent effect to

provide a corrected hearing aid gain for a certain frequency or frequency range.
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aid placed in the ear canal of the user. The

nmeasurenent of the |oop gain may bedone by carrying
wonio7a4rot cal | ed neasured feedback test to detBCTEP®05/055305

t he maxi mum gai n anmount before feedback occurs for a

certain frequency. Then, an effective vent paraneter

for the hearing aid is estimated in step 120 by

determi ning that value of the vent paraneter as

The ¢cbERY iavie gento Palcarreter ithatcdrtipyi tdesn ththdaadént iderived from a
bet ween a nodel | ed and the neasured transfer function.

heariec tasilikg aroaediegrasn asnbediasersarytgain defeapmpensatefar the hearing
Ioss.pﬂg:@émtn‘e?;gtdbﬁn 35%@551&1%% Vifie VAU éjr‘gl ama rsov"%ggfbédsdurmg the fitting

ermnirg a ven
sessiEmekabeding he anegerfanbdiiterntiha ||ph&|dﬁ&emgl audcgaamnd:b tbmpensate
sured | o he del | ed Io

for i Reat oS pscs i iesg G WEHaN B9 e SeRUBlog B when measuring
an ag gE%Pn%lt Redirkf ﬁ’g@% eVAUY OP@&S@I@ [t iHgREsy ent

ter. The predeterm ne 'ed Foop gain
val ues are then conpared wth the neasured | oop gain

o, determ avet di corr ondi n t he
Fig. HRErSel FUBE ae T na ek diadiam 280 of aritnp JetiVitgm connected
via utsh@ormﬂsah@%ohﬁ@@ncgamah@r2_7toh@ & eppAnyi sl Jooeiasensy in ear canal
and which is therefore estimated as the effective vent

350 af testsar. ATpnpdeesystamt 20 sfqcadiguras ipesrminGAEt ke fitting routine
accotrﬂgﬁ téaéﬁg’otﬂﬂlt n?%t)t’ th h&eggﬁtslhp{zﬁtléhe%héﬁtéqﬁg)rp‘é?% ﬁ'd?)mputer it

ng al ! SO an her “|'ea

has 8GRUsEdsor [R30per Tpr@&ssmgtthéIdmg];futemmmenmtemﬂttmg routlne program
situation in the ear canal of the use @13{02 inserte

245 ﬁécgedn@ aaw@rklﬁgdﬂ%@auaﬁ BAY &1 SEHAgH HPVRY. v%ﬂtv modeiled
|oop%ga{:@pguhsé f (e%‘?h%@%]bl%@)e‘?\t bRnf@brUhAd ﬁ@qh@néé@ﬁw &Bfs 215,

I ment using the estimted
effectlve vent d| aneter, a vent effect is cal cul ated

The Bttt G008 R ol RhLE) h, Moy misgophone for
con\{élrrhﬁrlé%einpﬁft doiBar §§6A14ER Mcthibs digaals nan arfipiifiee K3gSochhgituting the

et of the mcrophone based on the estimated
eleckbihies tof Wiee heatingiaithene cousistipatyanous eiralitrRigmestseipr processing

e 3R raEs Ko 2heeheBl 55 D, KO E UL and ne
applita8k §&infditthé Meahegrpidi siodut@kinngetthiealagwtpet signal, and an output
transducer 320 for converting the electrical output signal to an output sound signal
which is then transmitted through the ear canal 350 to the ear drum 355 of the user.
The hearing aid 300 further comprises an ear plug 330 with a ventilation canal 340. It
may be apparent to those skilled in the art that the hearing aid and in particular the
hearing aid plug and the anatomy of the user are illustrated in schematic form only. In
Fig. 2 it is also shown that besides the actual ventilation canal there is a further
leakage 345 between the wall of the ear canal 350 and the ear plug 330 which

contributes to the overall effective vent diameter.
According to an embodiment, system 200, when equipped as a computer, may
preferably further comprise a display screen and at least one input device for

displaying, e.g. the audiogram, inputting parameters and instructions to control the
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properties of both the hearing aid and the geonetry of
the individual ear canal of the hearing aid user into
w@emows271 Accordi ng to the enbodi nent det er m nPOEPIV65/055305
vent effect, the hearing aid gain is corrected by
means of the determ ned vent effect to provide a
corrected hearing aid gain for a certain frequency or
frequency range. The hearing aid gain to be corrected
fittind FoutmeclHy theautiRicyiste VRIesH RN fittingerduviag pfrbgfﬁnﬁl s At by the
test |ike an audi ogram as the necessary ga
systegp e ibadiEtingoioutine Hieaenhyrst 685iescedrtap rﬂ@ewraﬁ feedback test by
I
mtrocﬁ.ﬁﬂ?q%ﬁ%%%g&%ﬁn% ?r% ?é@e v%r%r %ﬁ?ﬁh‘ﬁgp{oo %\é;réf]ét Q%ohﬂﬁ pressure
via gutpati abntmmrern@z(aiahcgahén tmeammn@nﬂ&t esolod pressbeardtng certain

.. loss has al ready been deyrived in t her sess
d'StaWFe?foﬁ%%FP‘W@'O&@F’&UH}QO@{ Hia yent %%QQF he é‘ieaﬁuﬁ%‘? {epp gg'” values
250 §|’éafh‘éﬁt SoredPRPSHbAL I?r?fﬁb@gﬂ@%ﬁ Fd&dztoS@s?cWﬁate' fhe effective vent

schematic tTorm a diragr am OO of a conputer
dmmsWthmemnBsclfetdevmdetled 66D ugaih \aldes shoredt lnorhatm‘ean%‘lS. The

sstrpfe bR et et 256 ¢ ol et Blagng rbmory 220
and G3&d b dkrRet vért‘teefffédttm@esr 26bi Q8o a6RIMIMWdrRing memory 220. A

enbodi nents of the present invention Wen equi pped as
neceasayy Maareg, aif tgaaya epd@f@@gisfﬁ@mztk@ agtogieot & sPApengate for the

near RSBy I EEERCEL b (RSo8 AP PP iyog gy prosucs

correstedl hagringe ai ganﬁﬂ@uésﬁ%ﬁ 0Dipe @@rr@ct\eall h@lrfg)alddgélﬁQIM‘és for the
possi bl e vent dianeters and frequencies in tabhles 2

requqweﬁee&Mewgy dpaoesere Hiasy rlead a*ﬁ thepgering A4 &QQeY'aéiaflsm'ss'on
; n
mearls 570 L K ROCBZale, S MEH-PcatIB opRELT, M 8ning aia 300
with thee sgdtent 200ifos eathamging edata nghen dthendorcestsd sganrng/ad)ﬁes may be
various cifcu | enments for sing the electri
used fid Srpfis B REnbice o RUtT QUG AR € eptRRg Sate for the
hearihy! I8§s %%v@éﬁebs}‘%s‘s%’@f@ﬂ%' fheoturdihe o'ﬂ@la?é 'h'égrlﬂ?dal& Qaccording to
produce an el ectrical output signal, an ou
furthenfitingludes asgdthe perso@abteearmggmmesw@@f tha:taﬁerout put
signal to an output sound signal which is then
transmtted through the ear canal 350 to the ear drum
With $&ferécet taerigs e4a thac hhardstithatiod o3@Re bust fiteicotetimed®s of the in-

an ear plug 330 with a ventilation canal 340 It
situ hearing aid by modelling a performed measurement with transmission line theory

will be described.

Fig. 4a illustrates in principle an equivalent circuit of the transfer function for modelling
of the vent effect. The vent effect is calculated as the dB difference between an
earplug 455 with a vent 415 and an acoustically sealed earplug, and accounts for the
changes in the sound pressure at the ear drum 445 when a ventilation canal is drilled
through the ear plug 455 in the ear canal 440. The sealed condition is a theoretic
condition, which is not measured, so leakage is not relevant here. The changes in
sound pressure of sound provided through tube 450 (see arrow) are calculated at the
middle of the ear drum 445 illustrated by microphone 425. The respective transfer

function may be represented by an equivalent circuit diagram 410,
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may be apparent to those skilled in the art that the
hearing aid and in particular the hearing aid plug and
wo b@7amarony of the user are illustrated i n SCPeIBEP2005/055305
formonly In Fig 2 it is also shown that besides the
actual ventilation canal there is a further | eakage
345 between the wall of the ear canal 350 and the ear
pl ug 330 which contributes to the overall effective
vent ai aneter According to an enbodi nent, system 200,
| pped as a conputer, referably further

. e .
Fig. m!.uﬁgateé ty eﬁway'esy}ee@ﬂuuﬁl?nitc'fﬁaasqf %ﬁe%ﬁﬂﬁf@f function for the
mod@FﬁHgC@f fir afbeptanimtsidh Gaier dwdli PcaMan fsﬁﬁ&%a IGnd from the

paraneters and instructiofis to control thefitting
outsideuef the wynttentiatdinotargil speninges$ e the middlp obothe ear drum 445

illus %ﬁar@%ﬁ%% #2@ %% ilixgﬁ?rﬁ?%ibgﬁg?aﬁgw gfghcﬁ Y ¥ransmission gain
is theeapipifikatios of bébu'nat BR$IHG | frsh afheetrapérmissadn 'fr@ﬁ\ltthé Osurroundings
the receiver or anplifier to enerate a sound pressure

dlreatﬁyatmgwmtthe regid dhiteto 3be ramiet érthaeadudivyg 44 Sbangspective
wanEERTRGS, Mayd fia o By B RBER LRI R BB % s

250 are then stored in working nenDry 220 and used to
estimate the effectlve vent di ameter ns of th

Fig. fisqdiupkatesotp PHBF IRy aNueduielsPegIrewt t%ﬁb‘lhést@”fifsr fungfion for the
t
modggﬁ’lh? Rikd a%ﬁgﬁfn Bé{ﬁ of FhM Icgifgﬁ'%hgforﬁ %é‘%?e%ri%l%&t dt8Re receiver

ed 1 n wor menory used to ve vent
(not shbeo) tw&lhe:ssuﬁd(praissuesatm distancenof kign® eenbiogn B@0extarior vent

opegaAed &7 iR 1t SO prers e B by dhe receiver

is s&ﬁfhé@%eﬂ\ebléaff%@u% 845 thetrni5efEestarydl L ephd (Pespect:ve transfer
produce corrected hearing aid gain val ues 265.

function megt eedrepeasentgd dyceay@ialentainged diagramidt. es pect | ve
frequency ranges are then upload to the hearing aid
300 via transm ssion nmeans 270 which is, for exanple,

A fuRRek Inesthbi Cadcor@inletocan nerbodigenb avih asow ng aedcr&ﬁﬁj At first, the
with the system 200 for exchangi ng data. Then,

hearingr thseshald davel (PHIL) s magpuprd ug&mwtw%reaﬁﬁnwe?éfvh'%fosnay then
b d p S

oo BRI 20 YA AP ES, SLNabe 40, CORERRY Rt 40 o

1.000uRz Ndleaf, theelobpagaindsandasoedriy mgptying a measured feedback test

which is routinely performed during fitting for determining the maximum possible

hearing aid gain without feedback.

The modelled loop gain may be calculated by use of transmission line theory in a
simulation process beforehand. During the modelled feedback test, the acoustic
system is simulated in, for example, 15 frequency bands by modelling the entire
acoustic system. The modelling of the acoustic system is done by input or assumption
about the parameters of the acoustic systems. Parameters to be used in the modelling
are, for example, receiver type, dimensions of the sound canal, ear canal size and
geometry, insertion depth of the hearing aid, middie ear properties, length of the
ventilation canal and distance between vent opening and the hearing aid microphone.

These parameters are either known, such as the receiver type, or taken as an average
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further fitting rules and the personal hearing
i npression of the user. Wth reference to Figs. 4ato
wdego7b7esti mati on of the best fit acoustic nedEEPDDSN055305
the insitu hearing aid by nodelling a perforned
measurenent with transmssion line theory will be
described. Fig. 4a illustrates in principle an
equi valent circuit of the transfer function for
valugo@een & mprofatione (a/@ntchddfesctmemhas worengf fred:hnswsay, the invention

oo 4B S P L OB A 38 B e e

eanantE gedioeiaby, CC ddrﬁpléteawmadantaneeﬁ:ound pressure at
the ear drum 445 when a ventilation canal is drilled

through the ear plug 455 in the ear canal 440. The

Accﬁ@%%aga&ngh{b'oﬁﬁn% a@faféwle%eﬁnre%te'nf 1%@\%}&%?{%“(3 %!%ﬁét‘?ﬁeters for the

red s no
variasahgasng @ids tiped greessadr i e sodel] gmicy sded ahhapprghch allows for

tub 450 e ar re calculated at the m dd| e of
usagd el il wﬁﬁﬁ@t@astagﬁ%ﬂwameeymﬁsct.hspﬁ@ﬁ@aucz@ tigyr necessary
comgﬁﬁa(ﬂ%ﬁtbc}(ﬁert IRBSEEH fté‘%ﬁbﬂ%ﬂ %m%o&%iﬁp{ %Sﬁl%gmngyarﬂ)nsmulahon
g 4 I'n

qui val'ent circuit | agram | ‘'ustrate
calcplramnos re mmemqotambrognapmhcabontofoﬁwdwmalWaadarﬁed parameters in

ordeydp Gebt e REE] i g LR FeISIR Pbo AL ae

of the vent ventilation canal opening 415 to the
m ddl e of the ear drum 445 illustrated by m crophone
The gpulagion|af ke madeded\aconstiasyganTisecaifigeé out for different values of a

vent AR TR BRIt o oA BrATRRR €7 P80 SimBRtK rideiBoop gain

valubhrfwgmwrkt%r\tﬁmahfbbﬁoﬁmet\}w\tm’adaiﬂneteifmtdmehefmquérnumband A table
445, The respective transfer functl on may

lookyefpsctieRt &by Ok i@ 1AaGht that e obMegveith sfzametarghat generates
|
the ?éétuﬁtﬂeﬁ\'ivgén'tﬁ‘e Wid#bgl'feﬂ " é}afrboe d@\‘élagﬁge%g%etﬁhé@l{“tést W, & ¢d¥8paring the

ransfer tunction e acous
modeded aotd hkeslreddogamain oalueheTbé écdﬂn’tiﬁeellbasmﬁtimgo‘#aluhe)f the vent

receive t he soynd pressure at a

paraiehitcRebHeing] 35t Fer e i R TE R vent - openi ng
measured by m crophone 435 The sound pressure provided
by the receiver is supplied to the ear drum 445 by

Basedos thsdqrdified Rffectiye Tevet pargpedern e vertraffest is calculated by use of
the same parameters as applied in the modelled feedback test and the effective vent

parameter. According to an embodiment, also for the calculation of the vent effect
values in each frequency band, standard parameters for the various hearing aid types
are used since this allows for usage of pre-calculated tables thereby again reducing
the calculation time or necessary computation power. Of course, according to another
embodiment, the vent effect may be calculated directly by application of individually

adapted parameters.

Since an audiogram is often recorded by using loudspeakers instead of hearing aids to
produce the tones for the hearing test, the audiogram does not need to be corrected
according to the vent effect. However, if an in-situ audiogram is used for the hearing

test the in-situ audiogram needs to be corrected, since the in-situ fitting system usually
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function may be represented by equivalent circuit
di agram 430 A further nethod according to an

wentodiszent will now be described At first, theChEP2005I055305
threshold I evel (HTL) is measured in respective
frequenci es which may then be recorded by an audi ogram
whi ch, for exanple, shows a hearing loss of 40 dB at 1

assurB0uTH Rt A AR R TR, T FiBen s

audiogham fig & véntedgedrasiugdeheurd !Ne?&oré‘be'@ﬁé&b‘ﬁ ROSHblht effect as |
hearr(?g ai degq:en w t hout feedback The nodell ed | oop

e.g., agscrberhvithareieipnae 40 &dobypautoedef The aagattien dren pives the hearing

loss chrht‘Fr%r%’lo%él? Bap ol 6’%6‘%’@?? rﬂ%g‘iﬁéﬁ b@e N ELhn ?a B}igh&%é N&aring aid

eed e acous 1 C Sys

gain ascmdﬁrgteﬂheraprfhoableﬁ&nm fyled.5 frequency bands by
nodel ling the entire acoustic system The nodel | i ng of
the acoustic systemis done by input or assunption

In a n@?Pé‘fﬁgE E"F"}H@E‘ﬂﬁgtaﬁ‘g ?g‘ﬂf rstB CQ%D e%b&o rﬁ %T?I?e measured hearing

Par a 'Tng

threshelchlepeband ﬂ'teeapymrcabjmﬁttrngrmbasto compeisatesfos dom tieaenglagss.
ear canal size and geonetry, insertion depth of the
hearing aid, mddle ear properties, length of the

In addittdH td e @éht(‘éffé%:lt 84 the sﬁr@epﬁaham%ﬂrh Y8itt isoRgeuBtkd by use of
and the hearing aid mcrophone These paranmeters are

the sasne parameiehn assapiedsintthe m%@lerieﬁeedpgek test angkthe giective vent
paran%?e@é%%ﬁ_%‘fﬁhé‘ re‘&ﬁ%hc@baﬁﬁé"/i\gg 2\% (—T(ﬁtn %Bpr)c\%‘% a‘ér(/SHtag@S[]s to use

standgdspataneters for tay vadbué dieaviagi aids typear aﬂtgmgdtﬁa/mreage of pre-
such as BTE (behind the ear), |ITE [SI n the ear), CIC
calculategnya H?%IRPH ﬁcﬁﬁ@'%ﬁﬁlﬁn egib,od"ﬂ@ br‘rﬁ‘ﬁn@a‘FH‘a&ﬁ“ can also been

done &%&ﬂé{}?&pl?ﬁp r’i‘cﬁ %abﬁegl rhffiéte$t andar d

ara e var ous ring aid types are used
in the nodel, since such an approach all ows for usage

Since acBlTag FhaHb o5 SRR 5 cblE PP B b sound pressure s
reducé‘&@%Qbr’rﬂet@rﬁ%bhl@éarﬁf&@éﬁh%rb*orrefchﬁj meehki vt @Méct in order to
simul ation calculations are inplenmented b rhaetpgl icatiaon

providef enewty i9ginlte ycorapprsale pfar dhethaasingnlosed egeng aid gain is
furtheggrgogtﬁ]ct?aémgc%orhﬁr@' 9 Mée dé?grln%thalder@{ AT %rén%ﬂssion by a

corresponding direct transmission gain. In particular, if a person has a limited hearing
loss in the low frequencies, the direct transmitted sound through the vent will mix with
the hearing aid sound and generate interference. The hearing aid gain therefore needs
to be corrected not only with the vent effect but also with respect to the direct
transmission gain. According to an embodiment the correction of the hearing aid gain
is done by carefully considering the effects of the vent effect and the directly
transmitted sound, how the two sources may interfere, and how to avoid mixing of the

sources or sounds.

Figs. 5a to 5¢c and 6a to 6¢c now illustrate flow diagrams of methods according to further

embodiments of the present invention. Figs. 5a to 5c explain step by step how the in-situ
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The sinmul ation of the nodell ed acoustic systemis

carried out for different values of a vent paraneter.
wab@7neralt of the sinmulation is a table conprP&I/RB2005/055305

nodel | ed | oop gain values for a nunber of val ues of

the vent paraneter in each frequency band. A table

| ook up is then carried out to identify that vaI ue of

sucoli KBRS o N BE 384 S5 1B 50l By i o e

hearingoaip @aims donecteditdrthd ventlefi@gtideithel dirfet 88und val ues.
The identified best fitting value of the vent

paraneter is then defined as the effective vent

in theoﬂfllﬁmge exaﬁﬁﬁ@%@”m%??uﬁe@iefgéofb'a utIEE{ t%%ﬁeéf e the measured

vent erfect Is ca use’ o
transfeammanmwﬁwnmgamaﬂHﬂkagé patht Mdheroeed badarﬁetedbadkere the vent
est_.and ef fective vent para to an

diamelely Thenea u?agﬁ d jransfef H‘gné}gngu' %ﬁrtlagp\fc rg@ﬁ% and the direct

transniik&iBhlgardl ues in each frequency band, standard
par ameters for the various hearing aid types are used
since this allows for usage of pre-calcul ated tables

The hAFERL FARGA,ERET 5P ki Bt oo TesPhetiye (gaorams of

meas@@mmroﬁ@mhﬂ”@ﬂtmsbh@ iMethis @tdpe CAll NiRg thaCffH thé adigframs are
directly by application of individually

frequangy Arpeadsht 8hd dee sxagule sigeewhen Qﬁﬁéfﬂb'ﬁﬁdge diew gipgram in the
[ [ aids to produce
ollowtﬁﬁ 8%§§g%ge&fﬁ{e hgggh%ﬂ? estatﬂ%gpeﬁ]‘gudl ogram does not
need to b_e corrected accor_dl ng to the vent effect.
i a BT Hean i, e 0% o L S R e oot S pbhsured and tr
measGen&iftlis Gorid E® féh%éﬁ%ﬁt telffelt Uil Qt% 55%95]1 ln s»tu audiogram is

usua yassurrest hat the test is per rmed wt
measgredl toyed dine pearting threshelddaveldfithe heaungump@gedma‘rmn dAccording

to th%:#a%gplggé{s” ug(he ? snufj%@ S&%rgg \?ﬁ?h cfr,%rfr&@t ﬁ;‘:{%oﬁweasured to

HTL agaredeast)@B@L aﬂZSOHQﬁtﬁ afigram Maernn BlexestebBR0h &g fd&iback test
M8 %r "t he cl osed ear plug, which may then be use

is meagiredansuithe lasy saie !ne@aqmtjeau@ncyabﬁn%&dk@itrﬁged iy fila@ram 525.
The 1@RHSRAP i bibL S GeErr 19 FrEIEEL BRE BB L PSP s0. The
best fitatwerh the measured and the one of the simulated feedback tests defines the
effective vent diameter with the best equivalent of the actual ventilation canal and the
leakage in the ear canal. In the example, the equivalent vent diameter is 1.9 mm
(diagram 535). The vent effect is then calculated in step 540 based on the equivalent
vent diameter. The simulated frequency dependent vent effect is shown in diagram
545. With the vent effect, the in-situ audiogram is now corrected in step 550 and the

corrected in-situ audiogram is shown in diagram 555.

Using the method defined in steps 510 to 550, the vent effect at 250 Hz is estimated to
Vent Effect = —10dB (in diagram 545 at 250 Hz). This means that the hearing aid
produces a tone in the ear, that is 10dB lower than expected, so the actual sound
pressure at the eardrum when measuring the hearing threshold is:
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threshold I evel and the applicable fitting rules to
conpensate for the hearing loss. In addition to the

wo ent/oehiect, al so the direct transm ssion gai PCT/EP2005/055305
cal cul ated by use of the sane paraneters as applied in
t he nodel | ed feedback test and the effective vent
paraneter in each of the frequency bands. Al so here,
it woul d be advant ageous to use standard paraneters
for the various hearing aid types allow ng the usage

R cul val t cordj t,a.a
SRl PP i RO B ) Goppee v
directly by applying individually adapted paraneters.
_Since according to the vent effect in particular the
Thig githes Bpetesetednparing Byesh@di s reduced due to the
vent, the hearing gain is corrected with the vent
effect in order to provide enough gain to conpensate
In af secdnuegivegr ogtelpesS60 Ihéobedhe ngeacd ggai im itise heatihgraid is then
corrected according, to the determ ned direct soupd _
calcpiBied 6 B oy o5 RoRPRABLIEPTHP A REGYRVIEPHA A1aRs PR and diagram
5550 Mdteoldt, RS iJaftlidlaisd EoReBBESBR theSet ldiBt SARF@RLN® another

oss in the I'ow frequencies, the direct transntted
embogiiment, whengn ahaiogemn issised, rinstead oh at hie-skig audiggraimd the method

st BPORERE & b Gen Tiethecenald Tastror Py i et
effect but also with respect to the direct

transm ssion gain. According to an enbodi ment the .
In stajy PRt Pasechpnithe ansecter bl gadiegramdanelisyfitting rule is used to
fu : ' [ e :he. t.ef
calcEE bbb REDF] U BB Bp By LSy 87l 6t noma
audioguaroeShedp Y% fitting frelee whivhtishewdtay ay ekamplexiherg afd tdd naturally

sources or sounds. Fi.gs. 5a to 5¢c and 6a to 6¢c now ,
be ANy aler AW TGy B'ieéﬁF"g‘?ﬁs 20?0 hetdiBeRNSALeB i the hgpring loss, with a

hea{iig'é %dg,%rat PRl Sreitld® &8 iuh*éﬁa'%g%%‘ﬂégréﬂ\v%%,itﬁé‘ redligiin G8al should

explain step by step w the I n-situaudi ogramis

be: corrected for the vent effect. Figs. 6a to 6¢c explain
step by step how the hearing aid gain is corrected for
the vent effect and the direct sound. In the foll ow ng

raaP: §i7iLRErrEBRYN B, fepoback=ter i s applied as the
nmeasured transfer function containing the | eakage

path. The vent parameter is here the vent
As the in-situ hearing aid is going to be used in the same acoustic environment as set

up when measuring the hearing loss and estimating the vent effect, it is also known
that the hearing aid underestimates its produced output sound level by Vent Effect = -
10dB. To compensate for that, and thus to obtain the needed real life gain of 10dB, the

hearing aid gain Gha is further corrected by the vent effect in step 570, so:

Gha = HTLcorrected * 50% - Vent Effect = 20 * 0.5 — (-10) = 20 dB
in the same way, it can be shown that if the vent effect is not taken into account it will
result in an erroneous hearing threshold of 30dB HL, which leads to a required gain of

15dB. With this gain setting applied to the hearing aid, the resulting gain, due to the

vent effect, will be 5dB, i.e. less than required.
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di aneter. The cal cul ated transfer functions include
the vent effect and the direct transm ssion gain. The
w0 pebi7widonl net hod steps are illustrated togetbPer/Er2on$ 055305
respecti ve di agrans of neasurenent or sinulation
results in this step. All the data in the diagrans are
frequency dependent and the exanpl e used when
describing the flow diagramin the follow ng
concentrates on the neasurenents at 250 Hz. In a first

f ] h ' I . .
P11 e S s b WS TR gopues m e
580e$rﬂ¢thstrlatedsmeqha§rahﬁ) 588NnTo osigahsatdiahamirest BB@ tr8fHsmission
heari ng threshold | evel of the hearing

the 5B glinf o cambated g dhigseud Hgoégﬁﬁbﬁeheamgngldt esasures are
h d. t

betd%tf?(h'eggfs ﬁ%gdé}%r&‘%‘ho%éraﬁle ag al g%ghtﬁshea?n i E\lléz coqrrrgacted for the

venheﬁ@ctsﬁr@bthszﬁrect beumdahrdbanlsstoexstandss nesaioase apyslisdn® the hearing

h f lustrated in
aid. % 3 Bob® SR LEAR s Heddos @C&p'gc’wé‘.twm%a' faging aid may
be iddkfoRmENFitt¥e Mot SRR fhe%@@sé%@ 9k{ﬁfésht> Idbut aiso on the

bet ween t he neasured and the one of t

vent ef@ack tests defines the effective vent di amet er
Wi th the best equivalent of the actual ventilation
canal and the | eakage in the ear canal. In the

A restaog| accdriimgeadi & fLaNér eeodin@RBLEET theS plesbriiMinvention is now

%‘f ram 535). The vent effect is then calculated in
exp f&sigyktb fﬁ&é@&%ﬁ) Fige Sediichnpleows aeinw giagrame? 00 phe method for

Calcg! agpgh}@gﬂé&@lwfﬁﬁ%(ﬂg?m Se' il‘}%?%c?#tﬁccéleh?etn%‘e}% 48 selected

€ ven

as thhosh elgrmaEmts wmmmr@cmamotteé intsitathesaribg Gidslbe meodelied. The in-situ
corre tu ,audi ogram j.s shown jn di agram 555

neafiRg i ihd R RORCAS ABPGols S8R hal,Cratbier Halhpsaracoustic

elengédtgcogt mZEB@e 716 _¢R&I H@&.‘?’éiﬁct %Ie\ﬁ%‘rﬁtsEfafee%umgﬁé@t% a single

(in diagram 545 at 250 Hz). This neans that th

trangreigsiory matidx getitingdbe acoustie $ystehanedep 7€Ratn S@plmtB the single

ound .pressur.e

| ower than.expected o the actual
wansfiilon B R T ulftet S i da PRI erPedhbig 0% gein 740.
Durihg:1 %W@tfzdcrﬁ,‘%é agl_lngiekﬂéﬁmw ed theVosht BaffapbteT i80changed in the
acoustic gler?wents to receive a transfer function for e.g. N different values of the vent
parameter. The such modelled transfer functions may then be used in the step of

determining the best fitting transfer function.

According to an alternative embodiment of the present invention, a method for fitting
a hearing aid gain is provided which comprises steps carried out for at least one
frequency band of measuring a transfer function of an in-situ hearing aid including a
leakage path, estimating an effective vent parameter for the hearing aid by
determining that value of said vent parameter as effective vent parameter that
provides the best fit between a modelled and the measured transfer function,
calculating a correction gain based on said effective vent parameter, correcting said

hearing aid gain by means of said correction gain.
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This is thus the corrected hearing threshold. In a
second group of steps 560 to 590, the needed gain in
wo b@7heari ng aid is then cal cul ated using the POr/ERmOE055305
hearing threshold as provided in step 550 and di agram
555. Moreover, the gain is also corrected for the vent
effect. According to another enbodi ment, when an
ramis used, instead of an in- situ audi ogr am

di
A C‘?FHBL'{%&SH%&”E?%W'BQ fHt hismeihagsis gy @ﬁpt'%'m@éﬂlr\s}gsﬂuatlon in
whn% fl’?esﬁé’ér% QBOFOQ?éijRé(d wﬁ\s@Hch?rgrt@é‘ngst g%ﬁélgﬁég&%&armg aid user

ased on t corrected In-situ au
andfis tadsmgonnﬁoaed o treecbrhputeakysteat erhichheamprigesaéxk qialsie program

cod 15 EaPUne e B OF FPiichg e, Pobralh Cire exgahes 28 R Computer
syst@ﬁﬂ%l@dé@b%%ﬂﬁw %@chﬁ'\snfﬁr whabbrike aa%n%h%néﬂ&ﬁ of%in in-situ

rul e, prescri 0% conpensati on of the hearing
heanbggald widuding hae@aka@e pe¥s fat estivEbngfam€ifiEtinge vent parameter for

the an}‘] ﬁé ézqs %@ ‘i’#ﬁg’é’?‘%@?%fiﬁ%é} sg%vaﬁgéagragﬁ%%s 'é‘yec?ve vent

pardriter fhatl frdvidearthdé best dt bstvaimng reddIrRduse tHemida8ured transfer
same_acoustic environnent as set up when neasuring the

funqs'@ar for gaiw@mgrﬁﬁ@rmtmw@ bered parfaidpffeelive yantjogrameter, and

h h ' ' ' o
or Sh3HAN Ak B 58, 9 LARADISERLLBLS (i o fung
rout’h@ roayadssiod earfreld dutédr, a aochbehosfreqguerdyadbandshe needed

real life gain of 1QdB, the hearing aid gain Gha is
further corrected by the vent effect in step 570, so:

) 1g§ﬂ£{%%@r"nbﬁ1%‘h%ﬁﬁ of%%ureyedgscﬁf)&?cébovez&e tcpbé Cons#dered as

In the sane way, it can be shown
belmlgéa”\g/m]tth@ﬁrﬁ\a:tttlons enon if dkeyn hiame onccloermexplicitiv Idlescrtbed in their
res in an erroneous hearing threshold of 3GdB HL,
co achﬁ’ M eads to a required gain of 15dB. Wth this gain
setting applied to the hearing aid, the resulting

gain, due to the vent effect, will be 5dB, i.e. |ess
Metbhdm amdqaya{@msFa@qqﬁ@motpeembﬁd!raemtéc@f #heupeesent invention may be

b QIRBLIT A SPHAE AP REES0 R Stebei iR etk mouter o
worfﬁsﬂétldmeus@dr &yt &gunthd ranatogist omhen fitting a hearing aid. Methods
according to the present invention may also be impiemented in a computer program
containing executable program code executing methods according to embodiments
described herein. If a client-server-environment is used, an embodiment of the present
invention comprises a remote server computer which embodies a system according to
the present invention and hosts the computer program executing methods according
to the present invention. According to another embodiment, a computer program
product like a computer readable storage medium, for example, a floppy disk, a
memory stick, a CD-ROM, a DVD, a flash memory, or any other suitable storage
medium, is provided for storing the computer program according to the present

invention.

According to a further embodiment, the program code may be stored in a memory of a

digital hearing device or a computer memory and executed by the hearing aid device
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the direct sound is conpared to the sound through the
hearing aid, neasures are being taken if they are
weorpanabl e As a result, a hearing aid gain i SPCI/EP2005/055305

corrected for the vent effect and the direct sound

transm ssion, and is ready to be applied to the

hearing aid Thus, nethods and systens are provided

according to whi ch a heari ng aid may be individually

itselffarta @epasssingniyit biss @dCBH threeateasut ady T sigtable processor or a

combEPEIPARD 8 R0 IR T LGP AL

inventlon is now explained with reference to Fig 3,
ch shows a flow diagram 700 of a neth

d for . . :
Hawegu seﬁ%rmqsﬂg and Hygkpledy theamsipeiPlgsuneh i 198 Mresgnt invention in
emb%ﬁtéﬁttéaﬁwg%gﬁ}% zcﬁée %ﬁ)ﬁglﬁeﬁg g@%eﬁgklgéltgﬁﬁth%' S8MtShe present
inverﬁtimhehiagdbé' haodlﬁedl ihuamaegementabdd i detahevitreef | depdriang dom such
oot e S35 iba s SRS o RSt ESapp rention may
be t\}vﬁfhétﬁddégé gf'frﬁﬁ* fhe EFABHISHORNERNE _/p?'egéﬁt' iRV&Bkion includes
€ acoustic systemin step 720 In step

aHsunhqﬁamges@mgnheémoahonﬁlw X is then sinulated resulting

in the predeterm ned | oop gain 740 During sinulation,

a single paraneter as the vent paraneter is changed in

the acoustic elenments to receive a transfer function

for e g Ndifferent values of the vent paraneter The

such nodell ed transfer functions may then be used in

the step of deternmining the best fitting transfer

function According to an alternative enbodi nent of the

present invention, a nethod for fitting a hearing aid

gain is provided which conprises steps carried out for

at | east one frequency band of neasuring a transfer

function of an in-situ hearing aid including a | eakage

path, estimating an effective vent paraneter for the

hearing aid by determ ning that value of said vent

paraneter as effective vent paranmeter that provides

the best fit between a nodell ed and the neasured

transfer function,

28



calculating a correction gain based on said effective
vent paraneter, correcting said hearing aid gain by
woran®42fi1 sai d correcti on gai nA conput er syst ePCT/EP2005/055305

carrying out this nethod is normally applied in a
fitting situation in which the hearing aid to be
fitted is inserted in the ear canal of the hearing aid
user and is also connected to the conputer system
whi ch conpri ses execut abl e program code for carrying
out a fitting routine. The program code executed on
t he conputer systen1incligezdﬁkggran1portions for
nmeasuring a transfer fun L an in-situ hearing
aid including a | eakage path, for estinmating an
effective vent paraneter for the hearing aid by
determ ning that val ue of said vent paraneter as
ef fective vent parameter that provides the best fit

Whatds gfaimned isvdel | ed and the neasured transfer function,
for calculating a correction gain based on said
effective vent paraneter, and for correcting said

1. Aerthofoafidingad hedmingre@nsowbrisiagdhe dstlovdihg etepgai n.
This fitting routine may al so be carried out for a
nunBEasgfing @Ecﬁf&h‘é&ﬁ BE%%W C)&an ‘8}:?&#6}5*1%”&9@'
Cogg%g@%h@fgg%%gﬁ%%&ﬂgﬁépgﬁt e In entloﬁvﬂgﬁgﬁQhE%?ﬁgvnmn‘s
hav genetatdzben tlm(pésstdltlblew%wmuhmzbnaﬁ ptdrtermined acoustic
combi nat j. on ns accordlng to

enbsaqn%vﬁ%amwﬁweaﬁa%@rﬁ RIE RIS ey D

| MDLEMRMNRNG BDIe3BY ofdliabaldtR M@bértfﬁ@ﬁ@é&frﬁﬁw 8318 te@finated
|i ke a personal conputer or workstation used by, e.g.,

theeauuak@lnbgeertmg\mkmnﬂgurat@na hearing aid. Methods
according to the present invention may al so be

i npl enented in a computer program contai ni ng
execut abl e program code executing nethods according to
enbodi nents described herein. If a client-server-envir

2. Therpathodsaaeeeding 4 claim dd frhar omrrisedihesdar of AJESINGA
healRg rﬁ&@&ﬁﬁ%ﬁ Péih 610 AT ;gta% AR B D %Hgi%égd by said

Sys cor e present’ 1nvention and
dcbhesttopipeey. program executi ng met hods according to
the present invention. According to another

enbodi ment, a conputer program

3. A method for fitting a hearing aid gain, comprising the following steps for at least
one frequency band:
measuring a loop gain of an in-situ hearing aid;
estimating an effective vent parameter for the hearing aid by determining
that vent parameter as said effective vent parameter that provides the best fit
between a number of predetermined loop gains and the measured loop gain;
calculating a correction gain based on said effective vent parameter;

correcting said hearing aid gain by means of said correction gain.
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product |ike a conmputer readable storage nmedium for

exanple, a floppy disk, a nenory stick, a CD-ROVM a
w®l7/085271 ash menory, or any ot her suitabl e stPCB8R2005/055305

medium is provided for storing the conmputer program

according to the present invention. According to a

further enbodi nent, the program code may be stored in

a menory of a digital hearing device or a conputer

nory and executed b he hearjng aid deviceitself or
4. TR Rtadd AP oing Pigald & Veho e EUBIEBNSHpOBORET
SR PERERRE Mt AL e Hohif Rl s
lerod ®dd and illustrated the principles of the
present invention in enbodinents thereof, it should be
apparent to those skilled in the art that the present
i nvention may be nodified in arrangenent and det ai

wi t hout departing from such principles. Changes and 1
5. hagintatied peeryditc teianet tfelaimspobd, whergin thselepp gain is provided

é‘g%?%d’é){%&:‘g%‘f be nmade wi thout departing fromthe

, and the present invention includes all
such changes and nodifications. CLAIM5S What is cl ai ned
is: 1. Anethod for fitting a hearing aid, conprising
the follow ng steps: neasuring an acoustic property of

. b4 PSRN b IS0 PRSI i e step o
cpodptn@ dabycdrieetibe ghairf a vebedffent s aaloulabar with the effective vent

redeterm ned acoust | roperti es and.the neasured
&%amt?%%wgd%ﬂﬁﬂ u%?éf%%)?ﬁ’ﬁiq@re&ﬁml’ 835t one acoustic
property derived from said estinmated equival ent

hearing aid configuration. 2 . The nethod according to
claim1, further conprising the step of adjusting a

earin id rangeter erein sajd, i ' _
7. B el oA B LR SRS, Bhreiny m he step o
calculating said correction gain a direct transmission gain is calculated with the

effective vent parameter which is then used as said correction gain.

8. The method according to any one of the preceding claims, wherein the method is

carried out in a plurality of frequency bands.

9. The method according to any one of the preceding claims, wherein the method
further comprises the step of:
calculating said modelled transfer function, comprising the step of:
defining the in-situ hearing aid as an acoustic system comprising a

plurality of acoustic elements.

10. The method according to claim 7, wherein said acoustic system comprises a

plurality of acoustic elements and each of said acoustic elements defines an
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3. Anethod for fitting a hearing aid gain,
conprising the following steps for at |east one
wé ceqoesecy band: neasuring a | oop gain of an i PeFEP2005/055305
hearing aid; estimating an effective vent paraneter
for the hearing aid by determ ning that vent paraneter
as said effective vent paraneter that provides the
best fit between a nunmber of predetermned | oop gains
cal cul ati a correction

nd the asured | oo n

aenbSudhas feiar ShyEiaa Sarranghianetun, venﬁat'on canal, or
B8 beffe &Rl EnthSRdr] é‘&na?'egnt%‘trfé l‘%’é’ac[iff%;aéiﬁ rﬁufc
correction gain.4. The nethod accor to c a|n13 ,
wherein the predeterm ned | oop gain is obtained by
nodel ling an in-situ neasurenent of a transfer
function of said hearing aid 5 The nethod according to

11. DRenmRhdd 8¢dBrdidgab ahy,onesiTtRé PrédRIinPeIRiIr8&TuiBer ComPrlsmg the
provi ded by a feedback test 6 The method accordin
Hpp cbmeastiing @t [pest eae hgadnaiireshold s of ametam@gsa!@ piser.
of calculating said correction gain a vent effect is
calculated with the effective vent parameter which is
then used as said correction gain 7 The net hod
according to any one of the preceding clai n . ,

12.The F}%h%(? %%P%ﬁ‘“@ép&ﬂ“aﬂ 1né”‘§ rocoé%‘?ﬁ‘ i Gieyaling %a'g hearing aid
%i{] 8aked 'bﬂriﬁé“h%ﬁhﬁg t%bﬁ‘olbﬁe @FE:WSEB! &ﬂ?ected hearing aid

ectrve vent paraneter mhl |s t en used as sa

g2on isecalcdateghihns@niihieg seidhadcidatedriwianggtasd gain amésaiﬂ
t he ?recedlng clains, wherein the nethod is carried
SEARANZ -ural ity of frequency bands 9 The met hod
according to any one of the preceding clains, wherein
the nmethod further conprises the step of: calculating
said nodell ed transfer function, conprising the step

13.@@&%&@&%&@?\%38}%&& DGR oA 8 \A%eRih 858445kRg threshold
level is measured by an in-situ audiogram, and said method further comprising:

correcting said measured in-situ audiogram by means of said correction gain.

14. The method according to claim 13, wherein said hearing aid gain is calculated

based on the corrected in-situ audiogram.

15. The method according to any one of the preceding claims, wherein the

predetermined loop gain is simulated for a number of vent parameters.

16. The method according to any one of the preceding claims, wherein said vent
parameter is one or a combination of the vent diameter, the vent length, the

insertion depth in the ear canal, or the ear canal volume.
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plurality of acoustic elenents 10. The net hod

according to claim7, wherein said acoustic system
waeopnires a plurality of acoustic el enents anPCEaERI0H055305

said acoustic el enents defines anel ement such as

recei ver, sound canal, ear canal, ear drum

ventilation canal, or distance between ventil ation

canal exit to the hearing aid mcrophone. 11.The

tho cording.to any one of the preceding clains,
17. SERSRIPOBS A Haneal éh%Pr%ﬁ} A Vg Stghdard

H@Qﬁw'e'i@rstf&r # rﬁ?égeﬂe%ﬁed%oﬁ ga ﬂgef?édi’ aHEFJr dn%%t F8smission
nmet hod accor to c m 11 er co
g=ah ace aseahthai aml seleatabtfgframob rgaaammmeelda blestdaepehémgl argthe
threshol erein said corrected hearing
*kﬁaé'“aaﬁ'ﬂ %C%/Q{J'P%d@gh%?/vg trﬁﬁrﬁ@eg%r Sd cal cul at ed
hearing aid gain and said correction gain. 13. The
nmet hod according to one of clains 11 or 12, wherein
said hearing threshold level is neasured by an in-situ

10, e OB A0S B Ao ERY e bGP BB Bty
RRipted paraetdte anfog thapretidterimeedRiohashi@oamt difeet drai/or direct
claim 13, wherein sald hearing aid aal nis calcul ated

PSEUSTAN IR i6rysect that aie-Galeylateddn 'gldélﬁx”y #ispengyjag on
rﬁﬁémgd%ﬁ Pp Akt %Mth%’lfse%fhéé?ﬁ .ng cl ains,
erernt predeferm ne oop ga| |nulatedfor a

nunber of vent paranmeters. 16. The rret hod according to
any one of the preceding clains, wherein said vent
paranmeter is one or a conbination of the vent

19, CbrApBie? bfoérBﬁ\ t‘!@rﬂémﬁr@&ié’butéﬂ]@ p'rcﬁtﬁﬁfﬁ é:&fé farRhhwhBntdi@cuted on

ear canal ,” or the ear canal volune. 17 met hod
aacwopdien, gexe@uaswa orathed acwdmgetomwa:ofaﬁms wHer'd. n
standard paraneters for the predeterm ned | oop gain,
vent effect and/or direct transm ssion gain are used
that are selectable frompre-cal cul ated tables
dependi ng on the hearing aid type and/or predefined

20. Gsmpuisa paoaseat @roﬂgctrﬁ@nmlh@@xa@%tébkﬁ PIg9tam &Age yruchiwhen
SRR LRESEL Bt BRectBE b5hBHAULLAHAL 1Y any one of Claims 1 to

18.

21.A system for fitting a hearing aid which is configured to carrying out a method

according to one of Claims 1to 18.

22 A hearing aid adapted to carrying out a2 method according to one of claims 1 to
18.

23.A computer system connectable to a hearing aid for fitting a hearing aid gain,
comprising executable program code including:

a program portion for measuring a loop gain of an in-situ hearing aid,
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adapted paraneters for the predeterm ned | oop gain,
vent effect and/or direct transm ssion gain are used

wo b@t/oas2e1 cal cul at ed i ndi vi dual |y dependi ng onPOEEB20®055305
vent paraneters and the used hearing aid type 19.
Conmput er program cont ai ni ng execut abl e program code
whi ch, when executed on a conputer, executes a nethod
according to any one of Clainms 1 to 18 20. Conputer

duct , tainj t abl d .
e N e S
aCCQTodeQet%ﬂnﬁﬂrYg 88 veht FAdid &ﬁrlaé erfd&ivedeht PabRbRMthat

g a ald whic dto

for fittin eari ng I's configure

car pyavidesothe kestréit bettvegtcondinhgr vbpredetasmirgidiiomp dgainsand the
18 22. A hecflrri n%eaai d adapted to carrying out a nethod
acca}eﬁsﬁﬁf’ QOB Sf claims 1 to 18 23. A conput er

sysheiibgnnpektbl for tacalalirgal dtdredtion igain baddd 84 said effective
hearing aid gain, conprising executable program code

i nc Vel RRjaMEI§E ogr am portion for neasuring a | oop gain
of L . , . _
et PrsbdaBh bisok B2 (iR REaRY BRY g by Berns et s
ai dcbyectiregainni ng that vent paraneter as effective
vent paraneter that provides the best fit between a
nunber of predeterm ned | oop gans and the neasured
| oop gain, a program portion for calculating a
correction gain based on said effective vent
24 Ther comp e systemogpcandipoite ctimfas; whereiodhe mpdsdlied transfer

P R A
msieiréent 6R0 ShAsfer WdtioADfisaicoRéAireslaby a further
program portion for nodelling an in-situ

25. The computer system according to one of claims 23 or 24, further comprising a
program portion for performing a feedback test and using the result of said

feedback test as the loop gain.

26. The computer system according to any one of claims 23 to 25, wherein said
program portion for calculating said correction gain further comprising program
code for calculating a vent effect based on said effective vent parameter which is

then further used by the system as said correction gain.

27.The computer system according to any one of claims 23 to 26, wherein said
program portion for calculating said correction gain further comprising program
code for calculating a direct transmission gain based on said effective vent

parameter which is then further used by the system as said correction gain.

33



measurenent of a transfer function of said hearing aid
The conputer system according to one of clains 23 or

wQ@4go7fous2ther conprising a program portion for PCI/EP2005/055305

orrection
28. ﬁ*&@ EAMRLIST S a*evﬂé AECHPINGdP ane ©

perform ng a feedback test and using the result of
sai d feedback test as the | oop gain The conputer
system according to any one of clains 23 to 25,
wherein said program portion for calculating said

a| n further conprisi nTg program code fo
IRE281e SCrwRrepald
t em as
e Pé%%%%%iﬁ’%‘“?ﬂ o e e BBk g T
any one of clainms 23 to 26, wherei n said program
portion for calculating said correction gain further
conprising program code for calculating a direct

29. TH@BéMpﬁ%r%}sM BeORaRY tahrgad ik 6f 5!5@1’(91 Zi?td/ 281 further comprising:
whi ¢

30.

31.

paranet e is then further used by the system as
sai d& pmg.rammqmorg&nrmalwlaim@mwcém%eﬁaéﬁna@@f%rfwm@m gomprising:

vt orBlad BB &R et Qe SRu TR B AP b eyt

bands Té],@temrmmpﬁrs:r@@bmmp@oedcwnd@em@m@ne of
clainms 23 to 28, further conprising P ram portion
f or caI%QT%TEW%?@f%@F'PW@Qﬁhﬁmﬁ §rip fo a single

conpri St!rél%n%s%ﬂgﬁ&ﬁk%%fhmar{hé% col&id s@&mt Qﬁd' n-situ
hearing ai'd as an acousti c~syStem conpri Si hg
pluralia prayramquemm ﬁorshremanmg said pmg@rtmmmsmonmnétox resulting

rrultlplé theﬁ(zustlcFlerrentstoasmgle
transm’ megeled rapsfehUNgtPRe acoustic system and

a program portion for simulating said single
transm ssion matrix resulting in said nodelled
transfer function The conputer systemaccording to

29, wh f id
i B0t Delsn At e e SRt 28 e R BRI acgystic
SBRRINts 8afindl AeleviedHtisuiah ia@NeEdivat, soohd dasbiReaecanal, ear drum,

bet ween ventil ation canal exit to the hearing aid
ventilation canal, or distance between ventilation canal exit to the hearing aid

microphone.

The computer system according to any one of claims 23 to 30, further comprising

a program portion for measuring at least one hearing threshold level of a hearing

aid user.

32.The computer system according to claim 31, further comprising: a program

portion for calculating said hearing aid gain based on the hearing threshold level;
and a program portion for calculating said corrected hearing aid gain by summing

said calculated hearing aid gain and said correction gain.
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m crophone The conputer system according to any one of
clains 23 to 30, further conprising a program portion

wo oso7nesuri ng at | east one hearing threshol d pemebP200$/055305
a hearing aid user The conputer system according to
claim3 1, further conprising a programportion for
calculating said hearing aid gain based on the hearing
threshold level, and a progran1port|on for calculatlng

d d h d [
33. T3 EaPRUss HES R-o MogR AN F1kIScs LB PecbBr comprising
r%@bﬂé”%daﬂ—tlé% t6 Lﬁ"'é s%)éﬁﬁ&-mngctﬁpéﬁfoﬁgl 181 A& H-shl, %bﬂﬁsgram

or 32, r conpri sing nmeans adapted to nmeasure
@maalu@asiamgfurtheemmmtslr@vel by an in- S|tu audi ogr am

and sa stem_ further. co I Si ng; 9] ortion

fof PLIPECR TGN Lo P8 Rat oSt LS RImGtay by feans of
ansoredctRAighigor rection gain. 34. The conputer system
according to claim 33, wherein said program portion

for calculating said hearing aid gain conprising
program code for cal culating said hearing aid gain
based on the corrected in-situ audiogram 35. The

34 Bwéb@rlﬁipatyl@véleﬂgab@ral‘ng targaiof 33 hahgrein’shit (pr@gkafrupbxhleh for
conpri sing a program portion for simulating

GHedating siHdwaring Rigapin grRPHSiRg, Wa@fcqp@npr calculatmg said
f
R E5o P RE ROTR S R BAOERETEY 7% one o

a conbi nation of the vent dianeter, the vent |ength,
the insertion depth in the ear canal, or the ear canal
vol une. 37. The system according to any one of clains

35. Pk bfst8@ é(%%’i(ﬁh? é§ @h? P RMBIMdrARr34 ARineeBkprising a program

standard parane or the predeterm ned | oop gain ,
pastion &rf siaulading/tbe paedaietminedieen gaindar gaivmbearof ysal

t hat are sel ectable from pre-cal cul at ed
parame ers,

36. The system according to any one of claims 23 to 35 wherein said vent parameter
is one or a combination of the vent diameter, the vent length, the insertion depth

in the ear canal, or the ear canal volume.

37.The system according to any one of claims 23 to 36 wherein said system further
implements standard parameters for the predetermined loop gain , vent effect
and/or direct transmission gain are used that are selectable from pre-calculated
tables stored by the system and which depend on the hearing aid type and/or

predefined vent parameters.

38. The system according to any one of the claims 23 to 37, further comprising:
a program portion for reading in the used hearing aid type;

a program portion for measuring a vent parameter; and
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tabl es stored by the system and whi ch depend on the

hearing aid type and/or predefined vent paraneters.
w@2007hlk7syst em accordi ng to any one of the cleCTEPRB5/055305

to 37, further conprising: a program portion for

reading in the used hearing aid type; a program

portion for neasuring a vent paraneter; anda program

portion for calculating individually adapted

paraneters for .the predetermned | oop gain, vent

e? PERGTAGHRPEPN dPT ceulainghisirivady ally a@i@%}pdg@@@mq;ﬁr sdfar the

X o a .

R R B B e A7 QeSS RN G e on
seldaineas@@diverB@aravheteeand dae dsex beatirgpbel fypegr am code

is carried out during a fitting session in which the

hearing aid is introduced into the ear canal of the

hearing aid user and the hearing aid is electrically

connected to the system 40.A conputer system . _

39. Thernvsanuter systemaadeesdingitp anyiongof the elaigs 87 tadfuwhergin said

[ 15in t
<Rt aBRA 0% By 7 R eBicl (RS RRNS SR FIER s
heaaRg ki isdhtredudett intd theheardang! @i tie hreaphg@idoseoatd the hearing
for estimating an equival ent hearing aid
abistelgelrigalivosp Pnastatkiothe $¥SE8Ri mati on is generated by
the best fit between a nunber of predetermn ned
acoustic properties and said neasured acoustic
property; and a program portion for determ ning at
| east one acoustic pr rty derive

atleto p

fromsaid,. . .
40. AQTReE Y ST oo 2ng ADIRGHIGEF usting said
heani§ a5 RBHRIsirRy SKEMANE PFsiraeh suchniudinf, further
conprising a programportion for adjusting a heari ngh ' .
ai dapapgnas portiondpemeasaliog Ao acoHg!iPWERY tendn-sity hearing aid;
i nf 5%?88%%« %Xrtxso%' fgr ggt?ngttir'\gCaR %881%1‘(%1 hearing aid configuration,
wherein the estimation is generated by the best fit between a number of
predetermined acoustic properties and said measured acoustic property; and
a program portion for determining at least one acoustic property derived

from said estimated equivalent hearing aid configuration.

41.The computer system according to claim 40, further comprising a program
portion for adjusting a hearing aid parameter wherein said hearing aid parameter

is influenced by said acoustic property.
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